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Zusammenfassung 



Die vorliegende Erfindung betrifft Zusammensetzungen, die ein Thiazolidindion und 
einen Liganden fur den RAR/RXR-Rezeptor enthalten, wobei der Ligand in der Lage 
ist, die Expression des NIS-Gens zu induzieren, und die Verwendung dieser 
Zusammensetzungen als Diagostikum oder Medikament. 



Die Erfindung betrifft ferner ein in vitro-Verfahren zur Diagnose von Karzinomen. 



Thiazolidinedione-containing compositions and use thereof 

The present invention relates to thiazolidinedione-containing compositions and preparations 
suitable as diagnostics and medicaments for diagnosis and treatment of primary carcinomas 
and metastases of glandular carcinomas, in particular carcinomas of the salivary gland, the 
thyroid gland and of mammary carcinomas. The present invention further relates to an in vitro 
method for diagnosis of the above carcinomas and a diagnostic system for use in this method. 

The present invention is illustrated in more detail by the following description and by the 
attached claims. 

Summary 

Sodium/iodide symporter (NIS) molecule is responsible for active iodine uptake in thyroid 
gland. NIS expression has also been demonstrated in other tissues including salivary glands, 
kidney, stomach, lactating mammary gland and also in human breast carcinoma. The factors 
smodulating MS expression and iodine uptake in breast carcinoma cells has not been 
^investigated in detail. Retinoic acid (RA) has been shown to increase the iodine uptake in 
mammary carcinoma cell line MCF-7. Peroxisome proliferator activated receptor-gamma 
(PPAR-y) are known to initiate the transcription of target genes by heterodimerizing with 
retinoic acid receptors (RAR)/retinoic X receptors (RXR). We investigated the effect of 
ciglitazone (CIG), a ligand for PPAR-y on iodine uptake by MCF-7 cells with or without 
trans-RA (tRA). Treatment of MCF-7 cells with tRA increases iodide uptake about 6 fold. 
However tRA in combination with CIG increases radio iodide uptake by about 20 fold. CIG 
alone does not induce iodine uptake in MCF-7 cells. These results indicate that NIS gene 



expression is synergisticaily increased upon treatment of CIG in combination with retinoic 
acid in breast tumor MCF-7 cells. Moreover, it provides a basis for investigating other 
compounds capable of inducing NIS gene expression and thereby facilitating the diagnosis 
and radioiodine treatment of mammary carcinoma. 



Introduction 

Iodine is actively transported in follicular cells of the thyroid gland by sodium/iodide 
symporter (NIS) for the biosynthesis of the thyroid hormone (Carrasco N, 1993). Expression 
of NIS has been utilized over decades, for radioiodide-based diagnosis and treatment of 
differentiated thyroid carcinoma (Mazzaferri EL, 1996). NIS is also functionally expressed in 
many extrathyroidal tissues like kidney, placenta, salivary gland, gastric mucosa and lactating 
mammary gland (De La Vieja A, 2000). NIS has been detected in 80% human breast tumors 

by immunohistochemistry (Tazebay UH and Wapnir IL et al, 2000) but with no known in vivo 

» 

biological function. Breast cancer is the third most frequently occurring cancer in the world 
V^^\and the most common forms of malignancy in females (Perkin et al, 1999). Therefore, 
expression of functional NIS will be useful in radioiodide diagnosis and treatment of the 
responsive tumors of breast ( recently reviewed by De La Vieja A, et al, 2000; Riedel C, et al, 
. 2001; Heufelder HE, et al- 2001). Recently, induction of NIS gene by *r<ms-retinoic acid 
(tRA) has been reported in MCF-7 cells. tRA induced NIS expression has been suggested to 
. be mediated by two families of nuclear receptors, retinoic acid receptors (RARs) and retinoid 
X receptors (RXRs) (Kogai T et al, 2000). MCF-7 cells are known to express functional 
RAR/RXR and PPARy receptors (Titcomb MW et al, 1994; Kilgore MW et al, 1997). PPARy . 
by heterodimerizing with RAR/RXR (RXRa, RXR0, or RXRy) in presence of appropriate 
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ligand regulates transcription of target genes (Sato M et al, 2001). PPARy and RAR/RXR are 
co-expressed in several epithelial malignancies like brain, breast, prostate and lung carcinoma 
(Nwankwo JO, Robbins ME,. 200 1 ; Inoue K et al, 200 1). 

The most potent activators of PPARy are synthethetic thiazolidinedione (TZDs) class of 
compounds (Murphy GJ and Holder JC, 2000). Ciglitazone (CIG), the first compound of 
TZDs class was described as a selective inducer of PPARy (Sugiyama Y et al , 20000). Here 
we studied whether CIG induces iodine uptake by inducing NIS gene expression with or 
^S^k without tRA treatment in mammary carcinoma cell line MCF-7. These cells are expressing 
functional response elements for PPARy and RAR/RXR receptors (Kilgore et al, 1997). In 
this study we show that CIG increases iodide uptake in combination with tRA in MCF-7 cells, 
whereas CIG alone did not have any effect. CIG and tRA induced NIS expression seems to be 
specific to MCF-7 cells as we did not observe iodide uptake in HeLa cells (cervical carcinoma 
cell line) when these were stimulated with CIG and tRA upto.48 h. 

Material and Methods - 

CCell Culture and Chemicals: 
) ■ ■ 
All the cell lines used in this study were obtained from German collection of microorganisms 

and cell cultures (DSMZ, Braunschweig, Germany, DSMZ Nr.: MGF-7 (ACC 115). taCF-7 

cells were grown in RPMI 1640 medium, 10% FCS supplemented with 1 x non-essential 

amino acids, 0.01 mg/ml bovine insulin and 5% penicillin/streptomycin mixture. HeLa cell 

line was grown in in RPMI 1640 medium. All cell- culture reagents unless otherwise stated 

were obtained from Invitrogen, Karlsruhe, Germany. 

Ciglitazone (CIG) and frans-retinoic acid (tRA) were purchased from Biomol (Hambourg) 
and Sigma (Munich, Germany) respectively. For experimental purpose, CIG was dissolved in 
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DMSO as a 100 mM solution and tRA was dissolved in ethanol as a 33 mM stock. The stock 
solutions were stored at -20°C and further dilutions were prepared in growth medium just 
before the use. 

Iodide Uptake Experiments: 

Cells were grown in 24 well plates for 24 h. After 24 h the cells were washed and the 
compounds to be tested were added in fresh medium for the indicated period of time. For 
iodide uptake, the cells were at first washed twice with pre-warmed RPMI 1640 medium 
without FCS and then incubated in 1 ml RPMI 1640 without FCS, supplemented with Oil 
^iCi/ml (specific activity: lOmCi/mmol) Na 125 I (Amersham Biosciences, Freiburg* Germany) 
and 10 |iM Nal/well and cultured for lh. To test for the specificity of NIS mediated iodine 
uptake, experiments were also performed in presence of 30 mM KClCMhe strongest inhibitor 
of NIS. After incubation, cells were washed twice with ice cold RPMI 1640, lysed in 2% SDS 
(0.0625 M Tris-HCl, pH 6.8) SDS-PAGE, sample buffer containing lU/|il benzonase (Merck 
KGaA, Darmstadt, Germany). 125 I uptake was measured in a gamma counter. An aliquot 
from each sample was used for determination of protein concentration by Bio-Rad DC Protein 
ay kit (Munich, Germany) to normalize for difference in cell number. 

Statistical Analysis: 

The statistical analysis was performed by paired T-test using Statview, version 5.0 (SAS 
Institute Inc. USA). 



i 
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Short description of Figures 

Fig. 1 shows the effect of CIG on tRA induced iodine uptake in breast cancer cells. Cells 
were treated with 1 |iM tRA with or without 5 |iM CIG for 48 h and iodide uptake assay 
was performed with ( ■ ) or without (□) 30 mM NaC10 4 . Values are expressed as means 
±SD(n = 3). 

Fig. 2 shows that the effect of tRA and CIG on iodine uptake is cell selective. MCF-7 and 
HeLa cells were treated with 1 \iM tRA with or without 5 CIG for 48 h. Iodine uptake 
assay was done in absence or presence of 30 mMNaOC^ for 1 h. Values are expressed as 
means ± SD (n = 3). 

Results: 

Ciglitazone Enhances Iodine Uptake Induced by Retinoic Acids in MCF-7 Cells 
MCF-7 cells were first treated with l}iM tRA at different time intervals. In pilot experiments, 
*we determined that maximum uptake was achieved with l|iM tRA at 48 h (data not shown), 
consistent with a previous report (Kogai T et al, 2000). To examine whether the increase in 
iodine uptake is due to the effect of tRA alone or is a combined effect of tRA and CIG, MCF- 
7 cells were treated with 1 |iM tRA in presence or absence of 5 \iM CIG for 48 h. Iodide 
uptake assay showed that combined treatment of 5 |iM CIG and 1 \iM tRA increases iodine 
uptake 3.3 fold compared to 1 nM tRA alone. Treatment of cells with 1 |iM tRA results in 1.5 
fold increase in uptake compared to basal level. (Fig 1) . The iodine uptake was inhibited, by 
30 mM perchlorate, the specific inhibitor of NIS activity (Fig 1). These results indicated that 
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iodine uptake induced by tRA is enhanced by CIG and is mediated by the specific function of 
NIS because iodine uptake was blocked by the NIS inhibitor perchlorate. The viability of cells 
as observed by trypan blue staining were not effected by treatment of CIG and tRA (data not 
shown). 

Effect of CIG and tRA on Iodine Uptake is Specific for MCF-7 cells 

The induction of iodine uptake upon combined stimulation with CIG and tRA was also tested 
' on HeLa in order to test the specific effect of these compounds on MCF-7. HeLa cells were 
} ^^^treated with ljiM tRA with or without 5(iM CIG for 48 h. Iodine uptake assay was performed 
in presence or absence of 30mM perchlorate. Unlike in MCF-7, we did not observe any. 
induction of iodine uptake in HeLa' pells after 48 h of treatment with tRA, CIG, tRA and CIG 
(Fig 2). The same result was obtained whep HEK-293 was used in an analog experiment (data 
not shown). These results display the specific action of CIG in combination of tRA in MCF-7 
cells in terms of iodine uptake. 



Discussion: 

•. 

We here report that CIG synergizes tRA induced iodine uptake" in mammary carcinoma cell 
line MCF-7. MCF-7 cells treated together with CIG and tRA showed more than 3 fold 
increase in iodine uptake measured after 48 h in comparison to cells treated with tRA alone. 
MCF-7 cells showed about 20 fold increase in iodine uptake upon treatment with CIG and 
tRA in comparison to . cells receiving no treatment. Treatment with tRA increases iodine 
uptake ~6 fold when compared to non treated cells. ' 

/ra/xy-Retinoic acid (tRA) has been shown to induce iodine uptake in MCF-7 cells by 

, increasing NIS expression whereby it is suggested that the action of RA is mediated by 

i 

RAR/RXR receptors (Kogai T et al,. 2000). CIG mediated enhancement of iodine uptake 
activity and MS mRNA level induced by tRA may be attributed to presence of functional 
response elements for PPARy and RAR/RXR receptors in MCF-7 cells. We also observed 
that CIG induced increase in NIS expression which is mediated by tRA is specific in MCF-7 
cells. There is no induction of iodine uptake in HeLa cells upon stimulation with tRA with or 
-.without CIG. tRA is previously also reported to induce no iodine uptake in prostate cancer 
^cell line LNCaP, a choriocarcinoma cell line JEG-3 and two nonsmall cell lung cancer cell 
lines A549, H460 (Kogai T et al, 2000). 

• . i 

Up to date few other compounds are reported to induce functional NIS expression. NIS 
expression is known to be restored in a dedifferentiated thyroid carcinoma cell line by using 
the DNA demethylating agents like 5-azacytidine or sodium butyrate (Venkataraman GM et 
al, 1999). EBstone deacetylase inhibitor, depsipeptide (FR90228) increases NIS expression in 
poorly differentiated thyroid carcinoma cell line (Kitazono M et al, 2001). 
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The results presented here together with earlier reports indicate to use compounds such as 
tRA inducing functional MS expression in organ specific manner together with 
thiazolidinediones such as ciglatizone in pharmaceutical preparations for diagnosis and 
treatment of of primary carcinomas and metastases of glandular carcinomas, in particular 
carcinomas of the salivary gland, the thyroid gland and of mammary carcinomas. Specifically, 
administration of radioiodine after systemic use of stimulatory compounds inducing NIS gene 
expression proves to be a valuable tool for diagnosis and treatment of the above mentioned 
^|^tumors, for example some of the differentiated breast carcinoma. This approach could be 
studied for other responsive carcinomas of different origin. 
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Patentanspruche 

Zusammensetzung, enthaltend ein Thiazolidindion und einen Liganden fur 
den RAR- oder RXR-Rezeptor, wobei dieser Ligand in der Lage ist, die 
Expression des NIS-Gens zu induzieren. 

Zusammensetzung nach Anspruch 1, worin das Thiazolidindion ein Ligand 
fQr den PPARy-Rezeptor ist. 

Zusammensetzung nach Anspruch 1 oder 2, worin das Thiazolidindion 
ausgewahlt ist aus der Gruppe bestehend aus Ciglitazon, Pioglitazon, 
Rosiglitazon oder Mischungen davon. 

Zusammensetzung nach irgendeinem der vorhergehenden Anspruche, worin 
der Ligand fur den RAR- oder RXR-Rezeptor eine Retinsaure oder ein 
pharmakologisch vertragliches Derivat . davon ist, insbesondere trans- 
Retinsaure oder ein Derivat davon. 

Zusammensetzung nach irgendeinem der vorhergehenden Anspruche, worin 
das pharmakologisch vertragiiche Derivat ein Salz oder ein Ester ist, 
insbesondere ein Ester m it einer Alkansaure mit vorzugsweise 1 bis 4 
C-Atomen. 

Zusammensetzung nach irgendeinem der vorhergehenden Anspruche, 
wobei die Zusammensetzung ferner einen Histondeacetylase-lnhibit'or 
umfalit. 

Zusammensetzung nach Anspruch 6, worin der Histondeacetylase-lnhibitor 
. Trichostatin A oder ein Butyrat, vorzugsweise Trichostatin A ist. 



14 

Zusammensetzung nach irgendeinem der Anspruche 1 bis 7 als 
Diagnostikum, insbesondere als Diagnostikum fur Primartumore und 
Metastasen von glandularen; das NIS-Gen exprimierenden Karzindmen, 
insbesondere Speicheldrusenkarzinomen, Schilddrusenkarzinomen und 
Mammakarzinomen. 

Zusammensetzung nach irgendeinem der Anspruche 1 bis 8 als 
Medikarrient, insbesondere zur. Behandlung von Primartumoren und 
Metastasen von glandularen, das NIS-Gen exprimierenden Karzinomen, 
insbesondere Speicheldrusenkarzinomen, Schilddrusenkarzinomen und 
Mammakarzinomen. 

Zusammensetzung nach Anspruch 9 oder 10 zur oralen oder parenteralen 
Verabreichung. 

Zusammensetzung nach irgendeinem der Anspruche 8 bis 10, wobei die 
Zusammensetzung ferner pharmakologisch unbedenkliche Trager- und/oder 
Hilfsstoffe umfadt. 

Kombinationspraparat in Form eines Kits, umfassend raumlich voneinander 
getrennt ein Thiazolidindion, einen Liganden fur den RAR- oder RXR- 
Rezeptor, der Lage ist, die Expression des NIS-Gens zu induzieren, sowie 
radioaktives lod oder Technetium, zur getrennten, gegebenenfalls zeitlich 
abgestuften Anwendung zur Diagnose und/oder Behandlung von 
Primartumoren und Metastasen von glandularen, das NIS-Gen 
exprimierenden Karzinomen, insbesondere Speicheldrusenkarzinomen, 
Schilddrusenkarzinomen und Mammakarzinomen. 

' Praparat nach Anspruch 12, worin das Thiazolidindion ein Ligand fur den 
PPARy-Rezeptor ist. 
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Praparat nach Anspruch 12 oder 13, worin das Thiazolidindion ausgewahlt 
ist aus der Gruppe bestehend aus Ciglitazon, Pioglitazon, Rosiglitazon oder 
Mischungen davon. _ 

Praparat nach irgendeinem der Anspruche 12 bis 14, worin der Ligand fur 
den RAR- oder RXR-Rezeptor eine Retinsaure oder ein pharmakologisch 
vertragliches Derivat davon ist, insbesondere frans-Retinsaure oder ein 
Derivat davon. 

Praparat nach irgendeinem der Anspruche 12 bis 15, worin das 
pharmakologisch vertragliche Derivat ein S.aiz oder ein Ester ist, 
insbesondere ein Ester mit einer Alkansaure. mit vorzugsweise 1 bis 4 
C-Atomen. 

Praparat nach irgendeinem der Anspruche 12 bis 16, welches ferne'r einen 
Histondeacetylase-lnhibitor um'falit. 

Praparat nach Anspruch 17, worin der Histondeacetylase-lnhibitor 
Trichostatin A oder ein Butyrat, vorzugsweise Trichostatin A ist. 

Praparat nach irgendeinem der Anspruche 12 bis 18, worin das radioaktive 
lod 123 l, 125 l und/oder 131 1 ist, welches insbesondere in Form eines Alkali- 
oder Erdalkaliiodids, beispielsweise Nal vorliegt. 

Verwendung eines Thiazolidindions zur Herstellung eines Medikaments zur 
Behandlung von Primartumoren und Metastasen von glandularen, das NIS- 
Gen exprimierenden Karzinomen, insbesondere SpeicheldrOsenkarzinomen, 
Schilddrusenkarzinomen und Mammakarzinomen. 

Verwendung eines Thiazolidindions zur Herstellung eines Diagnostikums, 
insbesondere eines Diagnostikums fur Primartumore und Metastasen von 
glandularen, das NIS-Gen exprimierenden Karzinomen, insbesondere 



Speicheldrusenkarzinomen, Schilddrusenkarzinomen und 

Mammakarzinomen. ' 

Verwendung nach Anspruch 20 oder 21 , worin das Medikament zur oralen 
oder parenteralen Verabreichung ist. 

Verfahren zur in vitro-Diagnose von Primartumoreri und Metastasen von 
glandularen, das NIS-Gen exprimierenden Karzinomen, insbesondere 
Speicheldrusenkarzinomen, Schilddrusenkarzinomen und 

Mammakarzinomen, welches die Schritte umfaBt: 

a) Inkubieren von Zellen einer zu untersuchenden Probe mit einem' 
Thiazolidindion und einem Liganden fur den RAR- oder RXR-Rezeptor, 
der in der Lage ist, die Expression des NIS-Gens zu induzieren, 

b) Inkubieren der unter aj erhaltenen Zellen mit einer Quelle fur 
radioaktives lod oder Technetium unter Bedingungen, die die 
Aufnahme des lods oder Technetiums durch die Zellen erlauben, und ■ 

c) Bestimmen der lod- oder Technetium-Aufnahme durch die Zellen. 

Verfahren zur in vitro-Diagnose von Primartumoren und Metastasen von 
glandularen, das NIS-Gen exprimierenden Karzinomen, . insbesondere 
Speicheldrusenkarzinomen, Schilddrusenkarzinomen und 

Mammakarzinomen, welches die Schritte umfalit: 

a) Inkubieren von Zellen einer zu untersuchenden Probe mit einem 
. Thiazolidindion und einem Liganden fur den RAR- oder RXR-Rezeptor, 

der in der Lage ist, die Expression des NIS-Gens zu induzieren; und 

b) Bestimmen der Expression von NIS-mRNA durch die Zellen. 

Verfahren nach Anspruch 23, worin als radioaktives lod 123 l, 125 l und/oder 
131 1, eingesetzt wird, insbesondere in Form eines Alkaliiodids wie Nal. 
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Verfahren nach Anspruch 24, worin die Bestimmurig der Expression von 
NIS-mRNA in Schritt b) .mittels Reverse Transcriptase- 
Polymerasekettenreaktion (RT-PCR) erfolgt. 



In-vitro-Diagnosesystem in Form eines Kits, umfassend ein Thiazolidindion 
und einen Liganden fur den RAR- oder RXR-Rezeptor, wobei dieser Ligand 
in der Lage 1st, die Expression des NIS-Gens zu induzieren, sowie 
gegebenenfalls einen Histondeacetylase-lnhibitor und eine Quelle fur 
radioaktives lod. 

In vitro-Diagnosesystem nach Anspruch 27 zum Nachweis von 
Primartumoren und Metastasen von glandularen, das NIS-Gen 
exprimierenden Karzinomen, insbesondere Speicheldrusenkarzinomen, 
Schilddrusenkarzinomen und Mammakarzinomen. 
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Fig. 1 
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